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Figure 6-16. Flux contours 2 days after Starfish, as determined from

Telstar data by Newkirk and Walt (unpublished).
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6.5 USSR DETONATIONS IN 1962

6.5.1 Introduction

In the fall of 1962, the Soviet Union conducted three high-altitude
nuclear weapons tests that produced significant trapping of high-energy
electrons. The dates and approximate times of these detonations are
given in Table 6-1.

Data on the trapped electrons were obtained by a number of satel-
lites including Telstar 1, Explorer 14, Alouette, Starad (1962 B8K),
and Explorer 15. Characteristics of these satellites are listed in
Table 6-8. Since Starad and Explorer 15 were instrumented speci-
fically to observe the fission-spectrum electrons from Starfish (which
occurred on 9 July 1962), the information obtained on the USSR detona-
tions with these two satellites is especially valuable. Unfortunately,
both satellites were launched after the 22 October explosion and, there-
fore, give little information for that event.

Section 6.5.2 summarizes the available trapped electron informa-
tion that resulted from these explosions. In Section 6.5.3, an assess-
ment of the total inventory of trapped electrons is presented.

6.5.2 Summary of Trapped Particle Data

22 OCTOBER EVENT. Trapped electrons from the 22 October ex-
plosion were observed by Telstar, Alouette, and Explorer 14 soon
after the detonation. The residual radiation was seen some days later
by Explorer 15. Since the orbits of these vehicles were appreciably
different, observations were made at significantly different altitudes.
Alouette, being a circular polar orbit at ~ 1, 000 kilometers, inter-
cepted the band at low altitude, whereas the Explorer 14 crossings
were near the equatorial plane. Telstar, having moderate inclina-
tion, is perhaps the most favorably situated of the three. All three
satellites had instruments designed to measure natural radiation.
Consequently, the energy sensitivities were not optimum for fission-
spectrum electrons.

According to measurements made by Alouette, a broad band of
electrons was injected, extending from a sharp inner boundary at
about L = 1.8 to L = 6. Explorer 14, on the other hand, did not
observe an increase beyond about L = 3.6 to 4.2. However, be-
cause of the higher natural background experienced by Explorer 14
(due to lower detector thresholds and higher altitude of Li-intercepts),
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Explorer 14 would not have detected a flux of the magnitude seen by
Alouette at L. > 3. 6. Hence, injection probably did occur to about

L = 6. A double maximum in the L-profile of the belt was suggested
by Alouette's data. This observation was confirmed by passes of
Explorer 15 made shortly before the second Russian shot.

The most complete flux distributions for this event were derived
from Telstar's counting rates (Reference 56). A plot of omnidirec-
tional fluxes in R, X coordinates is shown in Figure 6-23. The dotted
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2

Figure 6-23. Omnidirectional flux (cm™ sec']) contours (Telstar data)
immediately following the Russian testof 22 October 1962
(Reference 56).
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contours denote extrapolations based on the spatial derivatives of the
flux in the measured regions (solid lines). The numbers shown rep-
resent the flux values immediately after injection.

28 OCTOBER EVENT. Because of the large number of radiation
measuring satellites in orbit at the time of detonation, the trapped
radiation from the 28 October event is better known than that of any
other high-altitude nuclear explosion. In particular, the two satel-
lites Explorer 15 and Starad were instrumented to measure energy
spectra and angular distributions of fission-fragment electrons. Un-
fortunately, because the spin rate of Explorer 15 was larger than planned,
angular distribution information was not recovered. In the case of
Starad, the telemetry and timing system introduced noise and position
errors, thereby reducing the value of that satellite. By careful study,
some of these difficulties have been overcome, yielding a fairly com-
plete analysis of some of the data from the 28 October test (Reference
38).

In many respects, the trapped radiation produced on 28 October
resembled that produced on 22 October. The trapped band had a sharp
inner boundary at L~ 1.8 and extended to L~ 3.0 as seen by Alouette
and Explorer 15. A well-defined double maximum was apparent with
peaks at L~ 1.82 and L~ 2.17 (values slightly B-dependent). A de-
tailed analysis (Reference 38) was presented based on information from
a directional spectrometer carried on Starad. From the pitch angle
distribution (confirmed in Reference 57), it is clear that a major
injection occurred at low altitudes. Several different experimenters
report that the energy spectrum was not an equilibrium fission spec-
trum, at least at some positions. This result implies either that the
debris motion extended over many minutes or that some electromag-
netic effect altered the energy after the electrons were injected.

Omnidirectional fission-electron fluxes from Telstar also were
computed for this event and are given in Figure 6-24 for time zero
(Reference 56). In the analysis resulting in the figure, the energy
spectrum was assumed to be a fission spectrum at all points, an as-
sumption known to be incorrect. However, the Telstar detector
{threshold ~:0. 4 MeV) is not very sensitive to spectrum changes of
the type observed. The contours in the region L~ 2 show maximums
off the equator in agreement with the conclusions of West that the in-
jection was at low altitude.

1 NOVEMBER EVENT. The distribution of trapped electrons from
the 1 November event was qualitatively different from the two previous
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Figure 6-24. Omnidirectional flux (cm_z sec"]) contours (Telstar data)
immediately following the Russian test of 28 October 1962

(Reference 56).

ones in that the injection was confined to a narrow band centered at

I, = 1. 766 with a full width at half maximum in the equatorial plane of
about 250 kilometers. The best readily available data describing the
narrow band and its subsequent decay are given in Reference 23,

No pitch angle distributions have been published, but the observed
B-independence of the omnidirectional flux measured by Explorer 15
implies (with some uncertainty) that injection occurred along the en-
tire field line.
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6.5.3 Electron Inventories

22 OCTOBER EVENT. Electron inventories for the 22 October
event have been obtained from Explorer 14 and Telstar data, and a
lower limit to the inventory has been estimated from Alouette data.
From Explorer 14 results, Van Allen (Reference 26) estimated that
1.5 x 10%%electrons with energy greater than 230 KeV were trapped
(also, see Reference 36). However, this number is questionable
because of uncertainties in the geometric factor for fission-spectrum
electrons, high natural background, and the restricted spatial cover-
age. Van Allen was unable to detect any injection above L = 3.6,
whereas Alouette clearly indicated that high-energy electrons were
present out to about L = 6.

The Alouette orbit was in the low regions of the radiation belts.
However, if the omnidirectional flux is assumed to be constant along
field lines, a lower limit to the inventory can be estimated. From
the L-shell profile of orbit 316 published in Figure 5 of Reference 35,
one derives >1.15 x 1022 electrons above 3. 9 MeV or a total electron
inventory >2.9 x 10%4 electrons, assuming that 4 percent of the fission
electrons are above the nominal detector threshold of 3.9 MeV.

The most complete spatial coverage for the 22 October event was
given by Telstar (F1gure 6-23). The total population derived from
that figure is 4.8 x 10%%electrons.

28 OCTOBER EVENT. Similar analyses were made of the Alouette
data and the Telstar count rates for the 28 October detonation. The
data of Pass 298, shown in Figure 6 of Reference 35, were used for
Alouette and gave an inventory of >3.5 x 10 2‘electrons above 3.9 MeV,
or a total of >8.,8 x 10*’electrons. The total 1nventory derived from
Telstar data plotted in Figure 6-241is 1.6 x 10%%¢lectrons. West (Ref-
erence 38), using Starad results, obtalns inventories of 2.0 £ 1 x 10
1.2 £ 0.5 x 10?2 and 5.9 + 2 x 10%*for electrons above 0.2, 0.5, and
1.0 MeV, re 4pec‘clvely From a separate instrument on the same satel-
lite, 5 x lO electrons above 1.2 MeV were obtained as cited in Refer-
ence 39.

1 NOVEMBER EVENT. Computation of the electron inventory for

the 1 November 1962 explosion were derived for three energy thresholds
from the published electron fluxes of Brown (Reference 23):
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e E>0.5MeV 5.6x 10%3¢lectrons
e E> 1.9 MeV 2.8 x 10%3¢lectrons
¢ I>2.9MeV 8.5x lOZZelectrons

The ratio of these values is in reasonable agreement with that of a
fission source. The value for the 0.5 MeV threshold is rather in-
accurate, however, because of the higher background at low energy.

The inventories for the three tests are summarized in Table 6-10,
where the first column identifies the satellite, the second column
shows the total number of electrons above the detector threshold,
and the third column presents the total number of fission electrons
detected, assuming that the energy distribution was an equilibrium
fission spectrum. The last column includes an adjustment, where
available, to correct for factors specified in the footnotes, and gives
quantities that are to be compared. There are factors of 10 disagree-
ment in the face values of the inventories for the first two USSR
detonations.,

The most probable values for the inventories were selected thus:
For the 1 November event, the only data available are those of Brown
(Reference 23). The internal consistency in his results for the 1
November event and the agreement between the spot checks of his
Explorer 15 data with other data for the 28 October electron fluxes
argues that the inventory is probably good to better than a factor of 2.
Of the three inventory values, the 1.9 MeV threshold result is pre-
ferable. The >0.5 MeV channel had high background, and the >2.9
MeV channel contains such a small fraction of the fission spectrum
that the inventory is critically dependent on the detector energy sen-
sitivity.

For the 22 October detonation, most of the data has large uncer-
tainties. The orbital period of Explorer 14 was too long for good
sampling, and the background was so high that the bomb electrons
were not discernible above L = 3.5. Alouette was in a low-altitude
orbit and did not sample the most intense fluxes., Furthermore, the
geometric factor of the >3.9 MeV detector on Alouette is probably
very uncertain since the straggling of electrons in 1. 4 grams per
square centimeter of material is very difficult to estimate. Telstar
has the best orbit but the detectors have poor energy selectivity for
fission-spectrum electrons. However, in spite of the uncertainties
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Table 6=10.

Electron inventories for the USSR tests.

Total Observed

Satellite Measured Value Electrons E > 0 Inventory Estimate
22 October
Explorer 14 | 1.5 x 102 E>230Kev (L<3.5)| 1.8 x 102 4.5 x 1024
Alouette 115 x 100 E>3.9 Mev 2.9 x 1024 2.9 x 1024
Telstar 4.8 x 1025 4.8 x ]025
28 October
Explorer 14 1.5 x ]024 E > 230 KeV 1.8 x ]024 3.6 x ]024b
Alouette 3.5 x10%2  E>3.9 MeV 8.8 x 10°° 8.8 x 10°°
Telstar 1.6 x ]025 1.6 x ]025
Starad 5 X102 Est2mMevs>1.9)| 1.2 x 102 1.35 x 102°
(Reference 39)
Starad 2.0 x 102 E> 200 KeV 2.3 x 102 2.3 x 102
(Reference 38)
1.2 x 10°  E>500KeV 1.7 x 102 1.7 x 102
5.9 x 102 E>1.0 Mev 1.2 x 102 1.2 x10%
1 November
Explorer 15 5.6 x 10 E> 0.5 MeV 7.9 x 10%3
2.8 105 E> 1.9 Mev .19 x 1024 1.2 x 1024
8.5 x 102 E>2.9 Mev 8.0 x 1025
Notes:

%Increased by 25 percent for electrons at L > 3.5 on the basis of the Telstar distributions and
increased by a factor of 2 to allow for a rapid decay in the 2 days between injection and

sampling by Explorer 14.

bIncreased by a factor of 2 to allow for the decay between the 28 October and the sampling
period on ~ 30 October.

CIncreased by 12 percent for electrons at L < 1.9 on the basis of the distributions measured

with Telstar.
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in the geometric factor of Telstar, the ratio of inventories for the
22 October and 28 October tests obtained by Telstar should be ac-
curate. This ratio is about 3. The ratio of the 22 to 28 October
test as computed from Alouette is also 3, although this agreement
is probably fortuitous.

For the 28 October detonation, the inventory of ~1.2 x 1025
electrons appears to be the most accurate. This figure was obtained
independently by two groups (References 38 and 39), using different
instruments. Although West's three inventory determinations scatter
by a factor of 2, the value associated with a threshold of 1. 0 MeV was
selected since the background is lowest at that energy. This inventory
value obtained from Starad is in rather good agreement with the Tel-
star result of 1.6 x 102‘? a fact that supports the Telstar figure for
the 22 October explosion. Since the absolute values of the Starad
fluxes are probably better than those of Telstar, the Starad value for
the 28 October test is accepted and the Telstar ratio of 22 to 28 Octo-
ber inventories is used to find the inventory for the 22 October explo-
sion. The final results for total electron inventories, E > 0 are:

e Event 1—-22 October, 3.6 x 10%5electrons
® Event 2—28 October, 1.2 x 1025e1ectrons
¢ FEvent 3—1 November,1.2 x 1024e1ectrons

The low values for inventories deduced from Alouette were disre-
garded because the low-altitude orbit did not sample the intense fluxes
and because of uncertainties in the geometric factors. The assumption
used in the inventory calculation (flux at constant-1. is independent of B)
is obviously wrong on the basis of the Telstar distributions.

A substantial disagreement still remains between the values from
Explorer 14 and the final values selected, the difference being a fac-
tor of 8 for Event 1 and a factor of 3.5 for Event 2. In the case of
Event 2, the concentration of flux off the equatorial plane (Figure 6-24)
would result in a lower inventory being measured by Explorer 14. The
discrepancy for Event 1 still is unresolved. However, since the Telstar
orbit is much superior for sampling the artificial belt, the Explorer 14
data have been ignored in computing inventories.

6-54



REFERENCES

. G.L. Johnson and R.B. Dyce., A Study of Explorer IV Records
in the Pacific Area, Stanford Research Institute, FO-0-111,
Menlo Park, Calif., 1960.

. S. Matsushita. '"On Artificial Geomagnetic and Ionospheric Storms
Associated with High-Altitude Explosions,' J. Geophys. Res., 64,
1149-1161, 1959.

. J.A., Van Allen, C. E. McIlwain, and G, H. Ludwig. ''Satellite
Observations of Electrons Artificially Injected into the Geomagnetic
Field," J. Geophys. Res., 64, 877-891, 1959.

. M. Walt. '"Loss Rates of Trapped Electrons by Atmospheric
Collisions, " Radiation Trapped in the Earth's Magnetic Field,
ed. by B.M. McCormac, D. Reidel Publishing Co., Dordrecht,
336-351, 1966.

. R.W. Porter. '"Symposium of Scientific Effects of Artificially
Introduced Radiations at High Altitudes, ' J. Geophys, Res., 64,
865-867, 1959.

. N.C. Christofilos. 'Sources of Artificial Radiation Belts, "

Radiation Trapped in the Earth's Magnetic Field, ed. by B. M.
McCormac, D. Reidel Publishing Co., Dordrecht, 565-575, 1966,

. J.A., Van Allen., ARGUS I Observations with Explorer IV Satellite,
State University of Iowa, Report, Department of Physics, 1959.

. J.A, Van Allen, ARGUS II Observations with Explorer IV
Satellite, State University of Iowa, Report 59-14, 1959,

. J.A. Van Allen. ARGUS III Observations with Explorer IV
Satellite, State University of Iowa, Report 59-15A, 1959.

6-55



10.

11.

12.

13.

14,

15.

16.

17.

18.

19,

J.A. Van Allen. ARGUS III Observations with Explorer IV

Satellite, Vol. II, State University of Iowa, Report 59-15B, 1959,

A.H. Weber, R. M. Delaney, J.F. Fennell, J. A, George, D.J.
Manson, R,J. Ockersz, J.M. Paikeday, and J.K. Bock.
Analysis of ARGUS/Explorer IV Records, DASA, Report 1613,

Saint Liouis University, Physics Department, 1965,

A.H. Weber, A.F., Brisken, M. E. Coughlin, J.F. Fennell, J. A.
George, Wm. K. Kottmeyer, D.J. Manson, J.R. Ockersz, and
J. M. Paikeday. Further Detailed Analysis of Telemetry Records
Obtained by Explorer IV Satellite Concerning Geomagnetically

Trapped Radiation, DASA, Report 1889, Saint Louis University,

Department of Physics, 1966,

D.J. Manson, J.A. George, J. M. Paikeday, J.F. Fennell, R, M,
Delaney, and A, H, Weber. Unidirectional and Omnidirectional
Flux Densities of Trapped Particles in ARGUS Shells and the Inner

Van Allen Belt, Explorer 4 Satellite Data, DASA, Report 2052-1,

Saint Louis University, Physics Department, 1968,

I.. Allen, J.L. Beavers, W.A, Whitaker, J.A. Welch, and R. B.
Walton. '"Project Jason Measurement of Trapped Electrons from
a Nuclear Device by Sounding Rockets, ' J. Geophys. Res., 64,
893-907, 1959.

Analysis of Jason Data, Final Report, Lockheed Missiles & Space

Company, AFSWC-TR-61-82, Palo Alto, Calif., 1961,

J. B, Cladis and M. Walt. ''"Behavior of Geomagnetically Trapped
Electrons Injected by High-Altitude Nuclear Detonations, ' J.
Geophys.Res., 67, 5035-5054, 1962.

Army Ballistic Missile Agency (Huntsville, Ala.) and Smithsonian
Astrophysical Observatory (Cambridge, Mass. ), "Explorer IV—
1958 Epsilon, ' Orbital Data Series Issue 6, 6 Vols., 1959,

J. A, Van Allen, C. E. Mcllwain, and G. H. Ludwig. "Radiation
Observations with Satellite 1958 Epsilon, ' J, Geophys. Res., 64,
271-286, 1959,

E. O. Baicy, J. Bock, and T.R. Jeter. The ARGUS Experiment
Calibration of Explorer IV Prototype, Defense Atomic Support

Agency, Report WT-1671, Ballistic Research Laboratory,
Aberdeen, Md., 1963.

6-56



20. D.J. Manson. Van Allen Radiation Belt and ARGUS Directional
Flux Density Distributions, Explorer IV Satellite Data, Ph.D,
dissertation, Saint Louis University, Department of Physics, 1966.

21, J.A. George. Omnidirectional Fluxes; Explorer IV Satellite
Data, ARGUS Events 1 and 2, Ph.D. dissertation, Saint Louis
University, Department of Physics, May 1966,

22. C. E. MclIlwain. 'Coordinates for Mapping the Distribution of
Magnetically Trapped Particles,' J. Geophys, Res., 66, 3681-
3691, 1961.

23. W.L. Brown. ''Observations of the Transient Behavior of Electrons
in the Artificial Radiation Belts,'" Radiation Trapped in the Earth's
Magnetic Field, ed. by B. M. McCormac, D. Reidel Publishing
Co., Dordrecht, 610-633, 1966,

24, J.A. Van Allen, L.A. Frank, and B.J. O'Brien. ''Satellite
Observations of the Artificial Radiation Belt of July 1962, "
J. Geophys. Res., 68, 619-627, 1963,

25. J.A. Van Allen. '"Spatial Distribution and Time Decay of the
Intensities of Geomagnetically Trapped Electrons from the High
Altitude Nuclear Burst of July, 1962," Radiation Trapped in the
Earth's Magnetic Field, ed. by B. M. McCormac, D. Reidel
Publishing Co., Dordrecht, 575-593, 1966.

26. J.A. Van Allen. State University of Iowa, Report SUI 63-67,
Iowa City, Iowa, 1963,

27. Y.I. Galperin and A,D. Bolyunova. Space Research, 5, North-
Holland Publishing Co., Amsterdam, 446-458, 1965,

28. Y.I. Galperin. '"Physical Picture of the Origin of the Artificial
Radiation Belt During the American High-Altitude Thermonuclear
Explosion of 9 July 1962, " Issled. Kosmich. Prost, , Nauka,
388-393, 1965.

29. A.C. Durney, H. Elliot, J.J. Hynds, and J.J. Quenby. !''Satellite
Observations of the Energetic Particle Flux Provided by the
High-Altitude Nuclear Explosion of July 9, 1962,' Nature, 195,
1245-1248, 1962,

6~57



30.

31.

32.

33.

34.

35,

36.

37.

38.

39.

H. Elliot. '"Some Cosmic Ray and Radiation Belt Observations
Based on Data from the Anton 302 G-M Counter in Ariel I,"
Radiation Trapped in the Earth's Magnetic Field, ed. by B. M.
McCormac, D. Reidel Publishing Co., Dordrecht, 76-100, 1966.

A.C. Durney, H. Elliot, R.J. Hynds, and J.J. Quenby. "The
Artificial Radiation Belt Produced by the Starfish Nuclear
Explosion,' Proc. Roy. Soc. A, 281, 565-583, 1964.

G.K. Pieper. "A Second Radiation Belt from the July 9, 1962,
Nuclear Detonation,' J.Geophys.Res., 68, 651-657, 1963.

W. L. Brown, J.D. Gabbe, and W. Rosenzweig. '"Results of the
Telstar Radiation Experiments,' Bell System Tech. J., 42,
1505-1559, 1963.

W.L. Brown and J.D. Gabbe. "The Electron Distribution in the
Earth's Radiation Belts During July, 1962, as Measured by
Telstar,'" J.Geophys.Res., 68, 607-619, 1963.

J.R. Burrows and I. B. McDiarmid. "A Study of Electrons
Artificially Injected into the Geomagnetic Field in October, 1962,"
Can. Jour. Phys., 42, 1529-1547, 1964.

L.A. Frank, J.A. Van Allen, and H, K. Hills., "A Study of
Charged Particles in the Earth's Outer Radiation Zone With
Explorer 14,'" J,Geophys.Res., 69, 2171-2191, 1964.

J.A. Van Allen. Further Observations on the Starfish and Soviet
Artificial Radiation Belts, State University of Iowa, Report SUI
63-37, Department of Physics, State University of Iowa, Iowa
City, Iowa, 1963.

H.I. West, Jr. ''Some Observations of the Trapped Electrons
Produced by the Russian High-Altitude Nuclear Detonation of
October 28, 1962," Radiation Trapped in the Earth's Magnetic
Field, ed. by B.M. McCormac, D. Reidel Publishing Co.,
Dordrecht, 634-662, 1966.

W. L. Imhof, E.E. Gaines, D.R. King, G.H. Nakano, R.V. Smith,
and F.J. Vaughn. Analysis and Evaluation of Measurements of
Geomagnetically Trapped Electrons from High Altitude Nuclear
Explosions, Lockheed Missiles & Space Company, Report 1540,
Palo Alto, Calif., 1964, 119 pp.

6-58



40,

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Interim Results of Radiation Measurements from Air Force
Satellite 1962, Air Force Cambridge Research Laboratories,
Report 17, June 1963 (unpublished).

C.E. Mcllwain. ''Measurements of the Trapped Electron
Intensities Made by the Explorer XV Satellite,' Radiation Trapped
in the Earth's Magnetic Field, ed. by B.M. McCormac, D.
Reidel Publishing Co., Dordrecht, 593-610, 1966.

C.0O. Bostrom and D.J. Williams. "Time Decay of the Artificial
Radiation Belt, " J.Geophys.Res., 70, 240-243, 1965.

D.J. Williams and A. M. Smith. "Daytime Trapped Electron
Intensities at High Latitudes at 1100 km, " J.Geophys.Res., 70,
541-557, 1965.

D.S. Beall, C.0O. Bostrom, and D.J. Williams. "Structure and
Decay of the Starfish Radiation Belt, October, 1963, to December,
1965,'" J.Geophys.Res., 72, 3403-3425, 1967,

C.E. Mcllwain. "The Radiation Belts, Natural and Artificial, "
Science, 142, 355-361, 1963,

M.C. Chapman and T.A. Farley. "Absolute Electron Fluxes
and Energies in the Inner Radiation Zone in 1965," J.Geophys.
Res., 73, 6825-6835, 1968.

H.I. West, Jr., L.G. Mann, and S.D. Bloom. University of
California, Report UCRL-7659, TID-4500, (29th Ed.), 1964.

H.I. West, Jr. "The Trapped Electron Spectra from the Starfish
Detonation and from the Outer Belt in the Fall of 1962, ' Radiation
Trapped in the Earth's Magnetic Field, ed. by B.M. McCormac,

D. Reidel Publishing Co., Dordrecht, 663-666, 1966.

W.N. Hess. '"The Artificial Radiation Belt Made on July 9, 1962, "
J. Geophys.Res., 68, 667-685, 1963,

M. Walt and L. L., Newkirk, "Addition to Investigation of the
Decay of the Starfish Radiation Belt, " J.Geophys.Res., 71,
3265-3266, 1966.

R.C. Filz and E. Holeman. "Time and Altitude Dependence of
55-MeV Trapped Protons, August, 1961, to June 1964," J. Geophys.
Res., 70, 5807-5822, 1965.

6-59



52.

53.

54.

55,

56.

57.

J.A.Van Allen. TFurther Observations on the Starfish and Soviet
Artificial Radiation Belts, State University of lowa, Report SUI

63-37, Department of Physics, State University of Iowa, Iowa
City, Iowa, 1963,

J. Zinn, H. Hoerlin, and A.G. Petschek. "The Motion of Bomb
Debris Following the Starfish Test,' Radiation Trapped in the
Earth's Magnetic Field, ed. by B.M. McCormac, D. Reidel
Publishing Co., Dordrecht, 671-693, 1966.

J.B. Cladis, G.T. Davidson, W.E. Francis, L. L. Newkirk, L.R.
Tepley, M. Walt, and R.C. Wentworth. Search for Possible

Loss Processes for Geomagnetically Trapped Particles, Lockheed
Missiles & Space Company, Report M-57-65-1, DASA 1713, Palo
Alto, Calif., 1965, 128 pp.

S.A. Colgate. '""Energetic Electrons from Shock Heating in the
Exosphere, " Radiation Trapped in the Earth's Magnetic Field,
ed. by B.M. McCormack, D. Reidel Publishing Co,, Dordrecht,
693-703, 1966.

R.A. Berg, J.B. Cladis, G.T. Davidson, W.E. Francis, E.F.
Gaines, L. L. Newkirk, and M. Walt. Trapping at High L Values
of Beta Particles from Nuclear Explosions, Vol. I, Lockheed

Missiles & Space Company, Report LMSC-B0O39917, DASA 1984,
Palo Alto, Calif., 1967, 78 pp.

L.D. Katz, D. Smart, F.R. Paolini, R. Giacconi, and R.J.
Talbot. '"Measurements on Trapped Particles Injected by Nuclear
Detonations, ' Space Research, 4, North-Holland Publishing Co.,
646-664, 1964.

6-60



